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TABULATED CROSS SECTIONS FOR HYDROGEN AND HELIUM PARTICLES 
PRODUCED BY 62 -MeV AND 29-MeV PROTONS ON 27 AI 

F. E. Bertrand and R. W. Peelle 


ABSTRACT 


Tabulated differential cross sections are presented 
for the production of proton, deuteron, triton, helium-3, 
and alpha particles from 27 A1 bombarded by 62- and 29-MeV 
protons. At 62 MeV, continuum cross sections are listed 
at 18 angles from 12 deg through 160 deg, while at 29 MeV 
data are given at only three angles. The low-energy cut- 
offs on the spectra range from 3 to 6 MeV. Angular dis- 
tributions are given for excitation by 62 MeV protons of 
states at 0, 2.2, 2.7, and 3.0 MeV in 27 A1, and at 0, 1.06, 
2.07, and 4.7 MeV in 26 A1. 


The differential cross sections for the production of proton, deu- 
teron, triton, helium-3, and alpha particles produced by bombardment of 
targets by 62-, 39-, and 29-MeV protons were measured over a secondary 
energy range from ~3 to 62 MeV. The details of the experimental system 
and data analysis have been reported elsewhere. 1 * 2 This report gives 
the tabulated cross sections for the secondary charged particles from 
S7 A1 bombardment by 61.5- and 28.8-MeV protons. 

The incident protons were accelerated by the Oak Ridge Isochronous 
Cyclotron, momentum analyzed in a 153-deg magnet and focused on the tar- 
get in a spot of approximately 8-mm diameter. The reaction particles 
from the target were detected in an all solid-state, three-counter 
telescope utilizing lithium-drifted germanium as the total absorption 
detector. 3 The overall energy resolution attained by the spectrometer 
was approximately 180 keV (FWHM) for most of the data reported here. 

The secondary-particle type was determined by a combination of A E vs E 
and flight time vs E methods which permitted unambiguous identification 
over the whole reported energy range. Data were obtained from four 
ADC*s for each event, processed in an on-line PDP-8 computer, and written 
on magnetic tape. The data were analyzed on the ORNL IBM-360 and CDC-1604 
computers and on the PDP-8. 
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Three aluminum targets were used and in each case the targets were 
commercially available aluminum foil. The thicknesses and nonunif ormities 
of the three foils are listed in Table 1, along with experimental param- 
eters and estimated uncertainties. The thickness of the target was the 
limiting factor for the low-energy cutoff of the alpha spectra while the 
other particle spectra were limited by experimental factors shown in 
Table 2. A list of the factors by which counts are multiplied to give 
millibarns (steradian) (laboratory system) are given for each angle in 
Table 3. 

The data tabulated in this report have been corrected for the effects 
of: nuclear reactions in the germanium detector, "dead" layer in the path 

of the scattered particles, multiple scattering of the secondary protons 
by the AE detectors, energy loss from the scattered particles in the tar- 
get, the effective narrowing of the collimator aperture by the beam spot 
size and alignment, and collimator edge penetration by the scattered 
particles. These corrections are described in refs. 1 and 2. 

The magnitudes of the "tail" corrections for nuclear reactions in 
the germanium detector and for collimator edge penetration are both depen- 
dent upon the number and spectral distribution of recorded counts. These 
corrections are significant only for protons at scattering angles less than 
about 30 deg, where the spectra are dominated by strong elastic scattering, 
and generally fall rapidly with angle within that range. The uncertainty 
in the correction for collimator penetration is taken as 207 o of the cor- 
rection, which is approximately proportional to pulse height. This un- 
certainty is significant only at 12 deg, as shown in the table below. 

The uncertainty in the reaction tail correction is taken as 2 5% of the 
correction, which rises from zero to its full value between 35 and 45 MeV 
and then remains roughly constant up to the elastic peak. The cross 
section uncertainty in the standard correction is tabulated below for the 
runs in which it is significant. These uncertainties must be combined 
with the overall uncertainties of Table 1 and with statistical uncer- 
tainties . 
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an apparent continuum (presumably consisting of many weakly excited and 
unresolved levels) was subtracted from the data. For example, in Fig. 1, 
a smooth continuum with magnitude varying from ~ 1 to 0.5 mb/sr/MeV 
would be subtracted from the peaks between 50 and 55 MeV. Tables 4-7 give 
the elastic scattering cross sections and the differential cross sections 
for the 2.21-, 2.73-, and 3.03 MeV levels obtained from the 27 A1 data. 

From the 27 Al(p,d) 26 Al reaction the differential cross sections for the 
ground state (Q = -10.83 MeV), 1.06- , 2.07- , and 4.73-MeV levels in 26 A1 
were obtained. These cross sections are listed in Tables 8-11. The Q 
values given for the levels listed are those values obtained in the ex- 
periment and are uncertain by ± 0.02 MeV. The energies of the observed 
low lying levels are in good agreement with known levels. Although 
levels are seen in the triton and helium-3 plots, differential cross 
sections for the observed levels have not been extracted. It should be 
noted that the errors shown on the cross sections listed in Tables 4-11 
and on other data tables to be discussed below are based on counting 
statistics only and must be used with the systematic uncertainties (5% 
overall) in Table 1. 

Since data were obtained at only three angles for incident 28.8 MeV 
protons, differential cross sections for the peaks observed were not 
extracted. However, the elastic-scattering cross sections for the three 
angles are listed in Table 12. Integrals over angle are not presented 
in the report for 28.8-MeV protons due to the small number of data angles. 

Table 13 is a list of the binned cross sections integrated over 
angle for each particle type, for 62-MeV incident protons, in units of 
millibarns/MeV, and the energy listed is for the lower edge of each bin. 
Table 14 shows the energy integrated laboratory cross sections at each 
angle in units of millibarns/steradian, and the average energies in MeV, 
for both 62- and 28.8-MeV incident protons. This table also lists the 
low-energy cutoff for each particle type at each angle. The total cross 
sections, in millibarns, average energies in MeV and average forward 
momenta inMeV/c, for the observed proton, deuteron, triton, helium-3, 
and alpha particles are listed in Table 15 for 62-MeV incident protons. 
The secondary proton cross sections listed in the tables do not include 
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Angle 

Uncertainty from reaction 
tail correction at 45 MeV 

Uncertainty from collimator 
edge penetration at 45 MeV 

12 deg 

62 MeV 

± .45 mb (ster-MeV) 1 

± 0.09 mb (ster-MeV) 

15 deg 

± .30 


30 deg 

± .01 


11 deg 

29 MeV 

± .36 


30 deg 

± .04 



A large amount of tail, uncompensated by the standard tail correc- 
tions, has been found in the 62-MeV, 25-deg data. Presumably it was 
caused by detector malalignment. To correct for the extra tail, 

0.38 ± .25 mb(ster-MeV) 1 was subtracted from the 25 deg proton data be- 
tween energies of 45 and 62 MeV, and a decreasing amount was subtracted 
in the region between 35 and 45 MeV. The peak cross sections at 25 deg 
were correspondingly increased by 12% ± 8%** The uncertainties on these 
excess reaction tails have been included in the tabulated data. 

Figures 1-10 show the proton, deuteron, triton, helium-3, and alpha 
spectra from aluminum at 30 deg for both 62- and 29-MeV incident protons. 
This data was taken using the thinnest of the aluminum targets, the only 
target thin enough to allow observation of the evaporation peak in the 
alpha spectrum. 

The spectrum of protons, deuterons, tritons, and helium-3 f s at 62 MeV 
show the presence of a number of closely spaced peaks from excitation of 
levels in the residual nuclei. This is particularly the case for the 
inelastic proton spectrum where only a few of the many levels observed 
in Fig. 1 appear to be due primarily to excitation of a single state. 
Differential cross sections were obtained for those particle groups 
whose pulse-height resolution appeared consistent with that expected 
from a single level (150 to 200 keV) and which could be separated from 
nearby groups. In some cases, in order to obtain the peak cross sections, 
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the elastic scattering cross section, while the cross sections for the 
other secondary particles include all observed events. 

Tables 16-20 list for each angle the laboratory cross sections for 
proton, deuteron, triton, helium-3, and alpha particle production from 
62-MeV incident protons on 27 A1, binned in 0.4-MeV wide bins at low 
energies and 1-MeV wide bins elsewhere, in units of millibarns 
(steradian) 1 (MeV) 1 . The bin energies listed are the center of the bins. 
Tables 21-25 list the cross sections for the above particles produced by 
28.8-MeV incident protons. Cross sections are listed for energies above 
the cutoffs listed in Table 14. 
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Table 1. Experimental Parameters and Uncertainties 
27 A1 Targets 


62-MeV 

Thicknesses 

Nonuniformities 

29-MeV 

Thickness 

Nonuniformities 


5.20 + 0.052; 3.80 + O.O38; 1.23 + 0.012 mg/cm 2 
± 1 $ ± 1 % ± 1 . 5 /= 


1.23 + 0.012 mg/cm 2 
± 1.5/o 


Beam Energies 

0100 runs 
2000 runs 
7000 runs 
0000 runs 


61.50 +0.1 MeV 
61.89 +0.1 MeV 
60.86 +0.1 MeV 
28.81 +0.1 MeV 


Collimators Used: 


Material Thickness Area(ll. 5/) 


Distance (±1 


0100 

runs 

Ta 

0. 1+32 cm 

0.522 cm 2 

45.8 

0000 

runs 

Ta 

0.013 cm 

0.522 cm 2 

45.8 

2000 

runs 

Ni 

0. 653 cm 

O.I83 cm 2 

46.2 

7000 

runs 

Ni 

0.653 cm 

0.265 cm 2 

46.4 


Detector Angle 

+0.5 deg 

Zero Angle 

+0.5 deg 

Angular Resolution 

+1.2 deg 

Target Angle 

+0.5 deg 

Beam Spot Diameter 

0.8 cm 

Beam Spot "Walk" 

± 0.4 cm 

Collimator misalignment at 
chamber center 

± 0.5 cm 

K (for Collimator Scattering 
Correction) 

0100 - 2.2 
0000 - 2.2 
7000 - 3.2 
2000 - 4.2 


Uncertainty in various corrections to data 

Uncertainty in number of Protons striking 
target 

Uncertainty in dead time measurement 


± l/o 

± l/o 
± 2 % 


Combined Absolute Uncertainty 


• 5 % 
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Table 2. 27 A1 Low-Energy Data Cutoffs 


Particle Type 

Cutoff 

Reason 


62 MeV 

Proton 

2.8-3. 4 MeV 

TOF "fold over" 

Deuteron 

2. 3-2. 9 MeV 

TOF "fold over" 

Triton 

6 . 2-6 . 6 MeV 

Mass 3 ambiguity and target 



thickness 

Helium- 3 

6.6 MeV 

Mass 3 ambiguity and target 



thickness 


13.1 MeV 

Lack of TOF data 

Alpha 

2. 8-5 . 7 MeV 

Target thickness 


14.5 MeV 

Lack of TOF data 


29 MeV 

Proton 

1.8 MeV 

Target thickness 

Deuteron 

1.7 MeV 

Target thickness 

Triton 

6.2 MeV 

Mass-3 ambiguity 

Helium- 3 

6.6 MeV 

Mass- 3 ambiguity 

Alpha 

2.5 MeV 

Target thickness 
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Table 3. List of Angles, Run Numbers, and Factors 


Lab Angle 
(deg) 

Run Number 

Factor 3 

12 

62 MeV 
0117 

5.245(-3} b 

15 

023.6 

8. 44o(-3) 

25 

2047 

1.253(-3) 

30 

7106 

2.920(-4) 

35 

2004 

5. 557 (-4) 

40 

2035 

4.4ll(-4) 

45 

7101 

2. 522 (-4) 

50 

2040 

3*792 (-4) 

55 

2043 

3.748(-4) 

60 

0104 

6.98o(-4) 

65 

2046 

3 . 6o4(-4) 

to 

2030 

3* 500 (-4) 

75 

2021 

1*310 (-4) 

82 

2025 

1.748(-4) 

90 

0110 

3* 502 (-4) 

110 

0107 

2.783(-4) 

135 

2065 

2*369(-3) 

160 

2066 

1.126(-3) 

11 

28.8 MeV 
0033 

1.496 (-2) 

30 

0026 

2.210(-3) 

60 

0034 

9. 598 (-4) 


a) 


Number by which counts are multiplied to give laboratory system 
mill ibarns / s ter ad ian . 


b) 


-3 


read as 5.245 x 10 
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Table It-. Tabulated. Differential Cross Sections 

27 Al(p,p) 27 Al 
Ep = 62 MeV 

Elastic Scattering 


b Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 

(mb/ sr) 

Cross Section 
(C.M. ) 
(mb/sr) 

Statistical 

Uncertainty 

(+ *) 

12 

12.5 

2002.1 

1858.0 

0.1 

15 

15.6 

1463-7 

1358. 8 

0.2 

20.8 

21.6 

334.1 

310.8 

0.5 

25 

25.9 

156.62 

127.32 

0.8 

30 

31.0 

49.26 

37-67 

0.2 

35 

36.3 

26.82 

25.17 

0.4 

40 

41.5 

22.74 

21.52 

0.4 

45 

46.5 

21.63 

20.47 

0.3 

50 

51.6 

6.71 

6.39 

0.7 

55 

56.7 

2.98 

2.85 

1.1 

60 

61.9 

2.33 

2.25 

1-7 

65 

66. 9 

1.49 

1.44 

1.5 

70 

72.1 

1.05 

1.03 

1.8 

75 

77-1 

0.523 

0.513 

1.6 

82 

84.1 

0.221 

0.229 

2.8 

90 

92.3 

0.136 

0.136 

5.1 

110 

117.2 

0.046 

0.047 

8.0 
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Table 5. Tabulated Differential 

27 Al(p,p«) 27 Al 
Ep = 62 MeV 

Q = -2.21 MeV 

Cross Sections 



Cross Section Cross Section 

Statistical 

Lab Angle 

C.M. Angle 

(Lab) 

(C.M. ) 

Uncertainty 

(deg) 

(deg) 

(irib/sr) 

(nib/sr) 

(+ #) 

15 

15.6 

3.66 

3-39 

7.5 

20.8 

21.6 

3.26 

3.03 

7-0 

25 

26.0 

3.97 

3-70 

8.0 

30 

31-1 

3.13 

2.92 

1.0 

35 

36.3 

1.12 

1.05 

2.3 

4o 

4l. 4 

0.434 

0.409 

3-6 

45 

46.5 

0.478 

0.452 

2.4 

50 

51.6 

0.414 

0.394 

3-2 

55 

56. 8 

0.312 

0.298 

3.5 

Go 

61.9 

0.269 

0.258 

5.1 

6 5 

67.0 

0.136 

0.131 

5.2 

TO 

72.1 

0.116 

0.113 

5.7 

75 

77.2 

0.085 

O.O 83 

4.3 

82 

84.2 

0.063 

O.O 63 

5.5 

90 

92.3 

0.024 

0.024 

12.9 

no 

112.2 

0. 0075 

0. 0077 

21.2 




14 


Table 6. Tabulated Differential Cross Sections 

27 Al(p,p’ ) 27 A1 

E = 62 MeV 
P 

Q = -2.73 MeV 


Lab Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 
(mb/sr) 

Cross Section 
(C.M. ) 
(nib/sr) 

Statistical 

Uncertainty 

(+ i°) 

15 

15.6 

2.40 

2.22 

11.6 

25 

26.0 

1.04 

0.97 

8.0 

30 

31-1 

0.40 

0.37^ 

4.5 

35 

36.3 

0.377 

0.353 

5.1 

40 

41.5 

0.235 

0.222 

5.8 

45 

46.5 

0.164 

0.155 

4.8 

50 

51.6 

0.143 

0.140 

5.6 

55 

56. 8 

0.103 

0.099 

6.8 

60 

61.9 

0.091 

0.088 

9.2 

65 

67.0 

0.042 

0.040 

10.3 

70 

72.1 

0.026 

0.025 

14.5 

75 

77-2 

0.023 

0.022 

8.3 

82 

84.2 

0.012 

0.012 

16.0 

90 

92.3 

0.0047 

0.0047 

33-5 

110 

112.2 

0.0023 

0.0023 

37.0 
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Table 7. Tabulated Differential Cross Sections 

27 Al(p,p’ ) 27 A1 
Ep = 62 MeV 

Q = -3*03 MeV 


Lab Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 
(mb/sr) 

Cross Section 
(C.M. ) 
(mb/sr) 

Statistical 

Uncertainty 

(+*) 

15 

15.6 

1.28 

1.19 

20.9 

20.8 

21.6 

3-51 

3.26 

7*3 

25 

26.0 

1+.50 

4.19 

8.0 

30 

31.0 

3.31 

3.10 

1.0 

35 

38.3 

1.3^ 

1.26 

2.6 

40 

1+1.5 

0.1+91 

0.463 

3-0 

45 

1+6.5 

0.578 

0.546 

2.1 

50 

51.7 

0.478 

0.455 

3-2 

55 

56.8 

0.37^ 

0.358 

3.1 

60 

61.9 

0.253 

0.243 

6. 6 

65 

67.O 

o.i4o 

0.136 

6.0 

70 

72.1 

0.082 

0.080 

6.8 

75 

77.2 

0.078 

O.O76 

4.7 

82 

84.2 

0.050 

0.049 

6. 9 

90 

92.3 

0.039 

0.039 

10.4 

no 

112.2 

0.0052 

0.0054 

23.3 
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Table 8. Tabulated Differential Cross Sections 

27 Ai(p,a) 26 Ai 

E = 62 MeV 
P 

Q = -IO.83 MeV 
Ground State 


Lab Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 

(nib/ sr ) 

Cross Section 
(C.M. ) 
(nib/sr) 

Statistical 

Uncertainty 

(tit) 

15 

16.0 

3.67 

3-27 

5.0 

20.8 

22.0 

1.44 

1.28 

OO 

00 

25 

26.4 

1.3^ 

1.21 

3.2 

30 

31.7 

1.20 

1.08 

l. 6 

35 

37-0 

1.04 

O.943 

2.3 

1+0 

1+2.3 

0.642 

0.587 

2.7 

1+5 

1+7.1+ 

0.547 

0.503 

2.1 

50 

52.6 

0.313 

0.290 

3-5 

55 

57.8 

0.219 

0.205 

4.1 

60 

63.O 

0.191 

O.lSO 

6.2 

65 

68.1 

0.107 

0.102 

5.9 

TO 

73-2 

0.073 

0.070 

7-3 

75 

78.3 

0.047 

0.046 

5.5 

82 

85.4 

0.037 

O.O36 

7-1 

90 

93-5 

0.017 

0.017 

15.2 

110 

113.3 

0.0030 

0.0031 

35.7 
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Table 9. Tabulated Differential Cross Sections 

27 Al(p,d) 26 Al 

E = 62 MeV 
P 

Q = -II.89 MeV 
1.06-MeV State 


Lab Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 
(nib/sr) 

Cross Section 
(C.M. ) 
(nib/sr) 

Statistical 

Uncertainty 
(+ *) 

15 

16.0 

0.985 

0.878 

10.7 

20.8 

22.1 

0.1+91+ 

0. 1+1+1 

16.0 

25 

26.1+ 

0.1+10 

O.367 

6. 0 

30 

31.7 

0.339 

0.305 

3-1 

35 

37-0 

0.310 

0.281 

1+..1+ 

1+0 

1+2.3 

O.I83 

O.I67 

5.3 

1+5 

1+7.1+ 

0.136 

0.125 

9.5 

50 

52.6 

0.075 

0.069 

7-9 

55 

57.8 

O.067 

0.063 

7-9 

60 

63.0 

0.053 

0.050 

11.9 

65 

68.1 

0.030 

0.029 

12.2 

70 

73.2 

0.019 

0.018 

15.5 

75 

78.3 

0.015 

0.011+ 

10.8 

82 

85.1+ 

0.013 

0.013 

12.1 

90 

93.5 

0.0035 

0.0035 

36.7 

no 

113.3 

0.0021+ 

0.0025 

35.1 
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Table 10. Tabulated Differential Cross Sections 

27 Al(p,d) s6 Al 

E = 62 MeV 
P 

Q = -12.90 MeV 
2.07-MeV State 


Lab Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 

( nib/sr) 

Cross Section 
(C.M. ) 
(nib/sr) 

Statistical 

Uncertainty 

(± 1 °) 

15 

16.0 

1.12 

0.994 

11.6 

20.8 

22.1 

1.206 

1.07 

9.9 

25 

26.4 

0.603 

0.540 

4.9 

30 

31.7 

0.464 

0.417 

3-1 

35 

37-0 

0.397 

O.360 

4.1 

40 

42.3 

0.293 

O.267 

4.0 

50 

52.6 

o.i45 

0.135 

5.8 

55 

57.9 

0.099 

0.092 

6.5 

60 

63.0 

0.099 

0.093 

8.7 

65 

68.1 

0.073 

O.O69 

8.0 

TO 

73.3 

0.042 

0.040 

12.7 

75 

78.3 

0.015 

0.014 

15.2 
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Table 11. Tabulated Differential Cross Sections 

27 Al(p,d) 26 Al 

E = 62 MeV 
P 

Q = -15.56 MeV 
1^73-MeV State 


Lab Angle 
(deg) 

C.M. Angle 
(deg) 

Cross Section 
(Lab) 

(nib/ sr) 

Cross Section 
(C.M. ) 
(nib/sr) 

Statistical 

Uncertainty 

( + #) 

15 

16.0 

0.952 

0.843 

16.2 

20.8 

22.1 

0.758 

0.674 

17.3 

25 

26.4 

0.642 

O.573 

6.5 

30 

31.8 

0.575 

0.516 

2-3 

35 

37*2 

O.487 

0. 439 

5.0 

40 

42.3 

O.368 

0.334 

4.8 

45 

47.5 

0.269 

0.246 

4.9 

50 

52.7 

0.198 

0.183 

6.3 

55 

58.0 

0.11 

0.103 

9-7 

60 

63.1 

O.I34 

0.126 

9.5 

65 

68.3 

0.106 

0.100 

7.6 

TO 

73-^ 

0.045 

0.043 

13-2 

75 

78.3 

O.O36 

0.035 

9-7 

82 

85.4 

0.025 

0.025 

12.7 

90 

93.5 

0.015 

0.015 

21.9 
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Table 12. 22 Al(p,p) 27 Al 


E =28.8 MeV 
P 

Elastic Scattering 


Cross Section 

Statistical Error 

Lab Angle 

(Lab) (mb/sr) 

(+ mb/sr) 

11 

32^0 

6-97 

30 

169 

0. 61 

60 

38.0 

0.19 





Table 13. Angle-Integrated Cross Sections 
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Bin energy listed is the low-energy edge of the bin- The highest bin energy listed is the upper edge of the last bin. 



Table 13- (Cont.) 
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Table 14. Energy Integrated Total Differential Cross Sections 
and Average Energy for 27 A1 
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Table 15, Total Cross Sections 
87 A1 62-MeV Incident Protons 


Particle 

ct ± Ac; 
(mb) 

E a 

(MeV) 

(MeV) 

Lower Energy 
Limit 
(MeV) 

c 

Proton 

705.6 ± 1.0 

18.9 

82.1 

2.4 

Deuteron 

88.7 ± 0.3 

22.5 

154.6 

2.4 

Triton 

8.88 ± 0.1 

19.4 

185.7 

6.2 

Helium-3 

11.04 ± 0.2 

19.7 

166.5 

6.7 

Alpha 

165.0 ± 0.5 

9.0 

68.6 

2.9 


a) 

average energy 

b) 

average forward momentum 


c) 


the proton cross section does not include elastic scattering 
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Fig. 1, Proton Spectrum from 27 A1 at 30° 61.5-MeV Protons Incident 
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Fig. 2. Deuteron Spectrum from 27 A1 at 30° 61.5-MeV Protons Incident 
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Fig. 3. Triton Spectrum from 27 A1 at 30° 61.5-MeV Protons Incident 
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Fig. 4. Helium-3 Spectrum from 37 A1 at 30° 61.5-MeV Protons Incident 
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Fig. 5* Alpha Spectrum from 27 A1 at 30° 61.5-MeV Protons Incident 
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(A3W/HS/8W) UW9IS 


Fig. 6. Proton Spectrum from 27 A1 at 30° 28.8-MeV Protons Incident 
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Fig. 7. Deuteron Spectrum from 27 A1 at 30° 28.8-MeV Protons Incident 
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Fig. 8. Triton Spectrum from 27 A1 at 30° 28.8-MeV Protons Incident 
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Fig. 9. Helium-3 Spectrum from 27 A1 at 30° 28.8-MeV Protons Incident 
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Fig. 10. Alpha Spectrum from 27 A1 at 30° 28.8-MeV Protons Incident 
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W*-'4 , ^^if\lf'(f*-4--t'l--S'r r >< f tr r tryfs)<-<rH^*-Hr^^r-«»-<<M*-(^»-H«-<t-<OOC»OOOOOOOOOOOOOOOOOC>OOOOOOOOOOpOOOO 


CM ?— I H(vli^FlWOODOOOO'Off , CMMO(MOffllDCOa)NNiO>0'0'0'J'lflNN(M(f|'< , lftOlft 

»r-f»K^^%0»0^m<^m{^fnCMCMC\ltMtMrUtMfMPvlOUtMCM<\Jf'JCNitMrMCMIM<M.~c<M.-l.-C,-4»-<*-i»-C.-l«-C.-*.-«^,* < ~«.-«.-*,-l.-t.-t.-l,H,^,_|,»i,^ r H,-c 
TOOOOOOOCjOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCDOOOOOOOOOCjOO 

SOOOOOOOoOOOOOOOOOOOOOOoriOOOOOOOOOOOOOOOOOOOOOOOOOOoOOOoOOOOOOOO 

O O ( 1 “iOO<HB)%fO'CD(nh-N(M«(OHhaO'®OjJ-HlfiHODfH.-tiOO‘f'Or<HiOlfiO'OOS 

)0'roif'^«i'Hh(rinO'r>NinO'«i'inJ-<flNO'»-r«P)w»D! > >(fUfvit\M(Domo>HKinFJO'h-K(j'Nin*tO'mH®«j-n(\j<r^O'K'/i«iffani 

4L^rJO'^.i'or^iAr^Loot>r--iriu'\»i-r'. rnrnc\j(MfMc\)cM»-i^r-Hoonooci>c7'0 0''crO'cochoncooDoocDf^h'r~sti>or^iriu^r“r, rnsfu^iTiCMouoo 


'tinin-cf-d-'fr'rmnt'ricMtM'-CfH- 


lOf-tCOOCJOOOOOOOOODOOOOOOOOOOOOOO 


O 5 Mrt r 

O > cv so c 

o ec uu • • 

i f\ UJZtntov 

z — 


O C O O' (T'O'O'O' O' O'O'O' CO O'CDO'C0O'O'CCO'C0<X)?*'t~‘T~-'O'i}>O'Ot*-lt'*nO'tOr-*ir\O''Ot~Cy} 

O~O'0'0>0<0'CtfUnmm<«U<lCM(MNNNNNWNWHNHHHHMHHHHHWHrlptHHHHHHHrtHHHHHHHHHHH0nO(M 
QC>00000000000000000000000000000000000000000000000000000000000000000 

cc UJ • ••••»•••••• 

LUXOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


< cn r-t rH hO’^4-ff'M l O'ta)NttiO«r«-oa)'OHCMf(CN<M^4-'OOotnoo^Ori©(f|iHh 

X>vCMf0r^iri'0p-4cnro®cviCM-£>0r^(7'tn'0ro'0cr^ir^>0®<)^®sj-O(^i^®r^>0«j-tr>o®'<>r0iri00^H0'»ca'r^'0cv!CT'CT-r-r-o0'0' v t-(M^f^r^ 


crt-moinuMA^^<c 


lOO^OOciO— <000000 


>— .fMfMiMCMCM{\jro»H^H»-<*Hr-<w^Hoocjoooo > o'0'a'0>a'®®®®®TO®» , -»^f“r^t^f“»oO'0*£>® o tn 

O > « O •* CD Oi «£> O ^ ^ *H f* wt r* ****** ^4 -4 «h o oo O O O © O C O O O O O O O O O O O O O © O O O © © O O O O O O O O © o © a r- o o o o 

CC ID • • • 

LuXr>«j-s}-^®ir'0'Cf-®0'0^<v'm4-msO^-®0'Or-<<Mfn'l-inNOr-®a'0^«Mm^ir-. ®r^®c3'Or-cMfn^tkri<or^®cro^«CMro«tcn^r-®®oooo 


in 

o 

CM 


oc r- r- r^-osOso>0'0>0'0'C'Oiri<£)i^io«cm'Co%oo>Ciir\ir>u><4'<'4'pOxtn^-HirisCf^'C5'-'OiAo 

O-'CrW®®®»f^r v -r^'r'4''d-f r 'f r lfnrnrr|fnnmmCM(Nf0CM<M<MCMCMCMfVJCMCMCMCMCMfMfMCMCMfV»fMCM<\J*MCMfMCMCM<MPJCMC\JrJCMtMCM^H<Mr-iCMr-lCM 

ct>ooooooooooooof>ooooooooooooooc?oooooooooooocoocooooooooc?ooooooooooo 

B£ UJ • • • * •••••• • 

UJXOOOOOOCIOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOGOOOOOOOOOOOOOOOOOOOOOOOO 


o®o®0'<^'t<x'Onrr>0'inr^forjoo s ®NNOt~o«o>oirt^irm®'d'<4‘irkiri'4'ir\«t<4'<4'<d'-4-«t®iAif>tO't<4'rn-4-<ocMrvjrsjrncMOfn^«o(rrM<rtnir>oo 


O 

UJ 

O >*<0i0«c 1 0O'0«'iMf'UMP^4'PiffimN(MNHHHcoC'0'a cocoaof-r-r->C'C>c®ir-'-*^>a-rr.rrifrifvjrMCM»-'«-«0 0oC' C-o aocGa)r-r' r-o« 

O>( , >f'Hiri0'(f>f'|MK\P0NN(^(\IIM(MNl\(M(\|[\JlMNC\JHHHHWr<rHHHHHHiHHHHHHHH>-IHHrtHHrtriOCOOCjOOQOO®OO 

o BC Ui * • 

UJimfn«t4'4 , iMrnfiOheoacHMffi^in(OMEO'C’HN«flij-ir'Or-®^OHN(fi*irMONcciO'OHNm>tm<oM»o > OHNcfl^if>«Mco>aoo 

Z - ^^-iw^t-t»-<*-<»-c^H*-<<MCMCM<M«MCM«MCMCMC\Jrnfo®rico®mf<>r'c«><-sf>i-> 4 -<a-«t^* 4 - 4 -'d'U>irkir\ir>m»n»r>«f>»riif'tr 

UJ 
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TABLE 16 (cant.) 


ac cg^a>ror“->oin.d-«*-mm cm r-t^f-HOOC'< 7 'C'OocccDooh-r^^r^-vo>CvO^)ir'Lnu-\^- 4 -<l-' 4 -' 4 ->^<\!pnrH^-<M»j- 

0 ''r'r-< 0 ' 0 ' 0 ’*mmiaifimmcM<MrHr^rH^i^H^i^ 4 ^i^HrHr-(^-t^<H^i^oooooooooooooooooooooooooooooo 
O Ql>00000000000000000000000000000000000000000000000000000000000000000 

H Q£UJ*.*. 

UJXOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


n/i NOl w cof'caN«5Nin»t«-ioO'NcO'ONMftONO'4 0'^'#«iftMntt\0»oaH«)^a}«f-0'®ooi® »o <4* 

)IDlfvt^HO'« 0 (MOMnNO(nfflOO'(»h-OUMfl<t^^(nnffn(MNtVI(MNNHr 4 ^Hrt^HHHOOOOOOOOOOOOOOO OO OOOOO 


i/j — M-tf'M-M-fncncocncMfMCM* 


-•OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 00 OOOOO 


iui:wfo<*W'fr'i-ir>ir»so>cr'-eoo'o— <«\ifOs*vnsor-tt> 0 'o»-.<Mm' 4 -u , >Nor-coo' 0 » 


a c if\insrrriMCM^H^-iooooa'a' 0 'a'ODa>aDooi^r-h~r , ~r-'a' 0 > 0 ' 0 «o>otn»ritoiri 4 -<}-'t>t'tf- <4- *■ c« co *1 cn 4 - cm * 

o — tn IfMft -4* + <4- 4 1 4- 4 »M CM CM -« .* rH>M HHrtHWHHHO o O 0.0 o o O O O O 0 0.0 O OO o 0,000000000 O O 0.0 OOOOO 
0C>OO OOOOOOOOO OOOOO OO OOOOOOOOOOOOOOOOOOOOOO OO o OOO O O OO O O OO OOOOOOOOOOO 
oc uj ■ • • • •• • » • • • * • •• • •• •• • • • • • * •••• * » . • ». » • • •• • •* •-••• » * •• 

01X00000000000 0 OOOOOOOOO OOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOO OO 

i 

< cn tnrooacnO'a>r-inrMNM>r>cno<-4r > -f>400ooco^40CMOincorri«^4r'M'ia^4M}f^(Mir>M>irtO'4'OCM cm® a* cm in *4- 

XVNO'4iflBi0400^4«'inifiO'N^C'P'0'NHirNff'h’4WOin4NOOOi<Uft(ONrtO'®Mftin4H«-iOO'«9r'NC04 4mift«OmN 

ooa^cMf-jn^.r^^m^MJmr^cncMOO'Oh-r^'OO'OininM'M'M-'trncnmcowmcMcMCMCMCM cm ** ** ^^wrnw^t^oooooooooooooooo 
Vlv4ir4«t+Ci'(n(0(0NNHHrtHOOOOOOOOOOOOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOOOOOO 

>M.iAin<4--4--4‘cncncncocMM^fO<^aor^r^4>tnM''4^(M^.^oO'coeor^^>iatn<4‘mcMCM^.oO'eoa>rootr\in-4 > cncMCM^oO'0'eor^o«irt4'.o 
o>cM'Oo4-cocvj>oo4--^^i^4^ooooooooooooocrcr<T'(7'a'a'0'a>0'a'a'0'CT'ooooooooa)eoooa>oocoeocDooT^f~r~r“r- r*>c- r- m o o o o 

aCLu»...«»*»*«»* .... ...... ••••••»•••••••••• «•••»•••••••••••#••••••••• 

ujl(OM44’tininxO>Oh-co!j'OHwm4>n>ch>coO'OiH('j(f)cfi'tif'i<5N®0'OH(\im4in'Or k OO'aiH(M(<i4'iA<osa30'OH(Mm4 , iAiOh-oooo 
z « HHHH^^HrtrtHNNNNNCMfviNNNMm«tmmmfnm(omw4444444444inuMftiflmtnifttn 

UJ 


a t M-mfMCM^^ooO'0'a'<y>a'oooooc>flocDr-f-r-r-f*»r-o^vO'a'OsO'Oiaiojnininin^-^<fM->tfnfomM'4-cno 

O""»(n4-4 > 4‘4‘4-C0mmcMCM.-4.-*<~4.-«^4 l -i.-4fH*.4OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOaOOOOOOO.»4 

0 C>OOOOOOOOOOOOr>OOOOOOOOOOOr»OOOOOf»OOOOOoOOOr»OOOOOOOOOOOOOOOOOOOOOOOO 

q:uj. ............... • 

ujxoooooaoooooooooooooooooooooooooooooooooooooooooooooooooo ooooooooo 

oc 

< 00 NO"OooODNm 4 -M ,, '«Nm<MftO'N 4 'N©inH»tOtnHOmnN 4 'N' 0 >flO'^r'aO'OOlfl<\J (0 0 < 0 «MHlft 

IVHininifno«oifimiflNHifij'*H^ t or'iftfflaworf)J-Ofl)M<UMO®Mnco-<MO'»Mn4'CMO^<n*iO«»i4HHNiftf.off>r»rf)m 
UamiftO'^>MO'^CnH^«CK't(MHOO'0®K^^*Oa)tfUnin4<l-444fftininrf(l<H(lCMN<VWN(M(MW^rtr<MHHHrtOOOOHOOOOOO 

W'o 'Otristvj-^mcrimcncMCM^^^^i^HOOooooooooooooooooooooooooooooooooooooooooooooooo 

>~.4inirMninir>M>4>M>f-r-~®»oo'oo.<*cMCMcn«>4'4-irtn4>h-r-«®oC'0*-««-*tMfucf)cn4‘4‘tr>'04>r-r , ~®®cr>oo.-i.>-icMrMC'om4-i<nF- 
0>NtOC4«BNi004«-iHH^^rtNrJN«MWNPaCMCMNNNWNNWWCMmwmm^<*immmmfO(fMOnW<n<»144444 4't444Cf‘0000 

«UJ ..... 

LuXrrim4-'4'4iAiri'«Dvor^ooo' o «-• <Mro4-if''Or-oo<7>o^-t(Mfnsi-ir»vot^ooa'Or-i<Mfosiir.»oh-ooa' o >* Nio4ir<oN«oo<aHN(n 4 , »n4>f'*r-oo©© 
z -> f*** ^^^M^^»MCMCMCMCMCMCMCMtMfMcnmfnc^fOfocnfn m ro 44-4-44-4-444-4®u\inv\ir\tr>uMntn 

UJ 

DC mNrtOO'C'®OKN4<0-OUMn4444«MflmcnmNNHNNOi-tHOOOO'(r>0 , ‘®Oieoh9)mh4«OMr 

0*hf'hO>0>OiO>CinCWn(flN(M(M(MHHrtHHHHrlHHHHHHHHHHHHHHHHHHHHHHHOOOOOOOOOOOOOO 

Ooooooooooooooooooooooooooooooooooooooooooooooooooooooaoooooooooooo 

CC UJ . . • 

LUXOOOCjOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oc 

<«/i <4'sOoeo9'^ir>ir\wr-r > »a)rn^kniniruniDfct(arnd-«a>4'tro k CMmco«D^owh>M-cntn4-oincMt > -cMmofrtin 

x: , veooh>c4>o.-.0'ir\oM>(r^^cMr^ir)iaa'CMarM«o< n o.-.t > -cno'CDr-cMrHh-«otD<4‘Oor-r^«D^cM^4Koh>cM^icMOO'r^ino<i^^-rMCMr^ 
Ml^°i“' Hh “i mC, '“lO U )'t NH OC ,,a '®® r ii^f*<'«<f'«J>IJ«Jin444444m(<jn<n»(>jnN(0NNWNNHHHHOHOHHOOO00 
to~.^>ir>inM-4-M-nrnmfMf\jrg^-i^r-iF-t^40ooooooooooooocioooooooooooooOooooooooooooooooooo 

V-.NNNNN(MH^HHrtrt<-tOOOOOO<M)'0'0'0'®(»O®Ca®M^hNh«<e444IMniMf>in(n44444wm«»mrtmNN(Mt“ 
t5>N«004®(M'004HHHHrtH^ .-I -t rHOOOOOOOOO O O OOOOOOOOOOOOOOOOCJOOOOOOOOOOOOOO'OOOO 
KIU . • « t .... I ...... • 

LuX(T>fOstM-M-if\ir>o^r-ooo'C»^<cMco^ir!«or-cocro^<cMm4-in^>r-ooc'0^fMcoM-inM3r~a30'0^.<MT04-ir\sor-ooa'p^cvimM'in»or-r-oooo 
z “ ^H^HH t -twHH^iNj(\jrv(MNtvi<\icv(MrMmmn(niTinffimtfim^^ 4 - 4-M'44-444-ininif\iry in in in m m 


oc mM«oinmiMHOOO‘0 < '«DCDSCDt^<o<c <oinou\in4 4 4'44 > Ki.mm:(ncMWNNHNHHOOO o> 4 'OheQcocDco««H 

OO mmCMCM (MNNWCMHrtHrtHHH f-4-4 HHHH HH ^ r-t n 0^000000*-' 

oc >000000000000 oo oooooooooooooo o o © © o o © © o © o o oo o o © © o © oooooooo ooooooooo 

UiXOOO OOOOOOOOOOO o O OOOOOOOOOOOOOO OOO O OOOOOOOOOOOOOOOOOOOOOO ooooooooo 
oc 

<V) ®4>co®®inM>focM4-odCM®incnac»>©a>4'®o©4‘»'-0©.HCMCr4-cM cmv. •-< coift®4>o®incncM cfiCM4-<Mf\t»incM«n 

x''.n®®o^«tM®^-iorn>or^-a^Joo^ H, oiri<4'0"0'Om®st-iniAtnor-io^).rno®»r l f^f^r>4r'a>ot-cMco®n'oo(sj<\ia'®r-®mr“CMU>M)h-M>n'< < ' 

CPW<M*4r , “®*4-r-.r~'4-^t®m®0'®r-tf“lfv®fMr-.0000'®®®h“f“N^^»'0®MJ®«nifMfv»OM-'4^-'4-M-4-|ficn W/n CO m CM CM CM CM NNhhhhhOO 

w«lftUMn4tnift444(H(fl(n<viNNHrtHHHHOHOOOOOOOOOOO oooooooo OOOOOOOOOOOOOO ooooooooo 

>-»Nh-i‘-r«-h-r-r-r-r-t'.r-r-.o>o>O4>®4>v0inininininmin4-4-44444<*' CO ro m co co co co cm cm cm nnncvhhhh^hho OOOOOOOO'M- 

(S>0 4 eOM0 04 0N<0 04rtHHHHHHi-tHrtHHrtHrtHHHrtHH^ rt H H H rt «-« -r* M H H H H H H ^ « •-» •-! ^-1 HHrtHHrtOO'fl 

a UJ • . . . 

ujzcMCMcMrnco4'4's^inu\^^>f^®a<r>^t(Mm<4'iA®h<®0'0^iCMc« , i4-®<of>-®0'0^<(Mco4'ir»®K®00^<MrO'4(r®h>®aor4CM(Ost'iriM>h'®® 

Z — r* .-4 *•*■*-* ^H^.r4^r><CMCMCMCMCMCMCMfMCMCMf0cnC0®C0®CnfncnC04-'4-*4-'4'4‘^«4-4-M-'t®®«ntA«a®lfM0®lf> 
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TABLE 1 6 (cont. ) 
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o > 

DC LU 


D“l\NHHO[MMMI)CDI^st'l-WnMff|(MNNHHHHHHHHHHrtHOOOOOOOOOOOOOOOCIOa o o oo 
0 £>i-^i~t^*~ii-lCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


ac LU 


500000000000000000000000000000000000000 


JXOOOOOOOOOOOOOOOOOOOOOC 

ac 

< iSi o og ^ pj o ® C- <-i m *\i u\ -tf- *0 st- sf o o O' t-i -4- © cm m f- (Si oo tf\ t- <o -i <M ** «*■ 

X'"sO'tvicr’4-^0'Oinf^f , -*-4»H^fn^ir , *-ffip-ijM®roo'4'rj^r^-«4-tMwO'ODoo«oir\^-if\^r«tric\j<v*Ntvi<^«-«woOOO oo oo 

Offlirm-tN'000'^4-NO"eHCl'»'fl>Oin^rt(ON(\INNHrtHHOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

«^»-uMri^<4-mrnftjrucsjrM^^PHOoooooooooooooooooooooooooooooooooooooooooooooo 


a: ^■fOCM-t*-iooO'a-a>®f , “f^r~r~«o^>'Oif3tf>inLn'4--4--4‘*tm(nmrnmr><MtMrgcsjrHfMrtrt(VrH 

O-^KIOiDUUiMMd^^^ NNNNNHHrtFtHHHHCOOOOOCOOCOOOOO&OOOOOOOOOOOOoOOOOOO 
{£>000000000000000000000000000000000000000000000000000000000000 
onu • 

LUXOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

I 

ac 

X'voor-roirA<\j^H<oO'^<7'oo*~‘»-<»-<c r i'0’00'0'00'^rnof , “*4-— < ^'^ 00 'U'4'^rHOOC'Co«oiriir\'tf-rn^rnf\j(MfMf^r^^^-io^oooC‘ 

l5fflH^O'tr-N<fO®lt\WOf“NHO'^iDinin«}''tr'n«'NNNHrtHHHHHHrtOOOOOOOOOOOOOOOOOOOOOoO 

V> ~ IP. tfMn^-^fOpofnrJcv/fMCJ^^r^COOC’OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

>-ao'aooccHHHHWMmpi^min<o«r«j®cr'0‘OHHNMfnfn<-iAtf»«<!h6ocoo'ff'OoHcvMMfo^^if\Lruo<ihr'®c>0'tf' 

o>»TiO'f*'»eorsj>oo’4‘«cj«or^pocnfrirn< , nfOpn»nr3mfnfrif04‘'4-<<- i >3''rst k <^»t>4-'4'-4-<'^>t'i*«r i ifiuMf»in«f»ininif»«f>Lr>Lo«n»ft«ri»nLf»i-t 

ac uu • •«•••••••••• • • • • * 

LuX<vjfM(<jm«4-^-»rir(m»o«oi^a>a'0»-<rofo«i'»ri^)T^eDCT'C«H<sjfn»4-i^''Ot^woorH<Mcn<4'if\of“000'0»HC'j»o-4“in»of > “Coo'0*-<<Mm^«' 
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OC OH«tli 
O ~ cm t\j cm c 
oc > o o oc 


<f i^ir\ininmr-<fnr)(r s rOrOfnrn{^(MrncMfOfnfnfMro<M<MfMtMCVinfMCMffi<\i>t-<4-<i)tO'4-<Minoor*-trircrri 

300000000000000000000000000000000000000000000000000 


JXOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


< inin <o <0 r 
Ivowmu 


O OmON«t^^O«0'4'(n-OH®hO«tW«OHHOO'hHMJlAHrtO'IMO'-»a'0(MClNh«OmnO 

jrWJNCOrMfnO'tMVHflHftlOO'O'O'O'OI'OOSOOO'OCBh-h-COhO^OOOO^lfWTHOKKftHrtlflrfrtjH 
>*t^i^'l-'t<}-rornsi<MrOrr!fn<Mr\jtMCMfnfMf<ifMfnmfrifMfsj(M(MCMfM<M<MCMrMcMCMcnm^-roma'>j-Lnkn»4-aooo 


to—oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


Cffimm't 4-inu 


4wr-i^rucM<\icgCMc\M\J(M<sj{M(n(n(or)rn(fi(nr>rwn-4-'t<r't't4-<'4-'tsru 


oc in'OO'O O' cm cm »h »«<.h w «~i o o o o o o © © © o o o o o © o o o o © o o o o o st- -* »»« co <0 * m inj O' m 

aC>COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 00000000000000 0000000 

DCUJ • ♦ * ♦ * 

UIXOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOO 00 o o o© o © 

oc 

<wiftKO>o i“- m co in *#- © co »o %o in r\i m r~ *-* ® © © ® h- o in t-« o r> in © ® © «-♦ cm cnj © ® o ® cm cm «* r- 

XNH^«NOhoinH(n(Mft«incMio<Mrwn<4'HCM^m4 i <n4 > iA^ouMominH»4NfyM^H4HNHMirNHcn«HOoo 
Oomm^io.tmicuointfi^^ + st+ccunminmncncnnmwmwcnwnmwmcnnwcnfftwmm^^'Oin'i'rtino^iftNooo 

tOwOOOOOOOOOOOOOOOOOOOOOOOOOOOGOOOOOOOOOOOOOOOOOOOrHOoOOrHOOO 
>.»wHHHHOooooo'aO'ffl«hhNO<o^«uc''t't^(n(CiMMHHHooO' O'0'co®h-K>o\0«o»f*i0'4- >t n m WN n w 

0>0'i _ CO CM *£> o "-t" GOC\J'£>rMCMrMrM<\]<\Jf\JfMCMCM(M<\ltM(\J<M 

OC UJ 

uiXfnmmst--4-jr>if>ir>0'Or*-ooo'0^cMco^-tf\'Or-ooo'0.^c\;c<i'i-if\of-«0'0*-ccvjm'tin»or~®0'Oi~icvjco>j-m^f*-®cy'0'Oo 
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